With over 1 300 000 annual cases worldwide ([@bib5]), breast cancer accounts for the largest part of the total incidence of female cancer cases every year. The number of new invasive breast cancer cases in the Netherlands is currently \>13 000 per year ([@bib7]), which is \>28% of all the cancer cases in females. The prevalence of women with breast cancer is rising due to increased survival, caused by earlier detection and treatment and improved outcomes of treatment. However, this means more patients require follow-up care after primary curative treatment, which results in an increasing burden on the health system and hospital resources. The objectives of primary follow-up, according to the European guidelines, are to evaluate late treatment effects, proper wound healing, to screen for psycho-social support, and to detect possible locoregional recurrences (LRRs) ([@bib22]; [@bib11]; [@bib2]; [@bib19]). In addition to primary follow-up, most patients are offered a minimum of 5 years of annual follow-up, in line with the European guidelines. However, current guidelines typically do not account for individual differences in LRR risks after primary treatment, preventing a differentiation in the type of follow-up care. Also, the recommended follow-up in these guidelines is not dependent on recurrence risks over time even though it is known that the recurrence risks are relatively higher in the second and third year after primary curative treatment ([@bib14]). In addition, the specific form of follow-up care (physical examination and mammography or MRI) can greatly influence the recurrence detection probability ([@bib13]; [@bib15]; [@bib18]).

A tailored follow-up is a possible approach to increase the efficient use of hospital resources, decrease anxiety, and unnecessary hospital visits for patients during follow-up. With a tailored follow-up, it is expected that equal clinical outcome can be achieved at lower cost by customising the frequency and duration of the follow-up by means of individual LRR risk profiles. When developing tailored follow-up, the risk of distant metastasis should not be included in the profile, because detection is not the primary aim of routine follow-up and early treatment initiation has not been proven to prolong survival at this point ([@bib21]; [@bib20]). Previous studies have shown that tailored follow-up appear to be as effective as the more intensive programmes ([@bib8]; [@bib6]; [@bib9]; [@bib22]; [@bib11]). Several studies compared different follow-up programmes and found the less resource intensive programmes to be cost-effective. However, they did not take into account individual recurrence risks ([@bib12]).

Although the 2007 national guideline of the Netherlands already states that follow-up should be individualised according to an individual patient\'s LRR ([@bib10]), no clear recommendations are provided to compose and implement an individualised scheme. To obtain tailored schemes, it is important to determine the recurrence risk for the individual patient based on estimations of risk. This, in turn, is based on prognostic factors and risk over time once primary curative treatment has been completed. Estimates of recurrence risks based on prognostic factors are reported in the literature ([@bib4]; [@bib29]); however, these predict a single risk for a total period of 5 or 10 years. Although there are several studies that report on the recurrence risk based on the primary treatment, there is less information on the specific markers and patient-related factors that are prognostic for a local recurrence.

The objective of this study was to identify prognostic factors and to estimate individual and time-dependent LRR risk rates after primary treatment in 6-month time intervals during a 5-year follow-up period. The individual differences, expressed as LRR risks, and the consequence on health gain and resource use, should provide the rationale to tailor follow-up schemes per patient.

Materials and methods
=====================

Prognostic factors for breast cancer LRR were identified using a three-step approach, including a scoping literature review, expert consultation, and regression modelling. Final quantification of the prognostic value of the identified factors was performed with stepwise multivariate regression analysis.

Scoping literature review
-------------------------

The first pre-selection of prognostic factors was based on a scoping literature review ([@bib23]). Following the six-stage methodological framework, as developed by [@bib16], factors that were described in literature as influencing the risk of LRR were included in the selection. The first three stages included the identification of the research question, relevant studies, and defining search terms systematically. The data were charted (stage four) so as to extract relevant results and to summarise the information of each study, per prognostic factor (stage five). Field-experts (stage six) were consulted in order to support and correct the identification of prognostic factors.

Experts
-------

The selection of the prognostic factors from the scoping review was presented to the field-experts (*n*=8). By means of a questionnaire, the prognostic factors were ranked systematically in the order of importance in predicting recurrence risk. Moreover, the questionnaire enabled the identification of potentially missing factors. The consulted experts were breast radiologists, medical oncologists, and breast cancer surgeons working in two large teaching hospitals, that is, Medisch Spectrum Twente and the Deventer Hospital. The experts were asked to rank the pre-selected factors on a five-point Likert scale, whereby the lower and upper limits represented 'not relevant\' and 'essential\', respectively. If \>50% of the experts ranked a prognostic factor as important or essential (equal to 4 or 5 on the survey scale), it was included in the selection. If, at least, over two-thirds of the experts ranked a prognostic factor with 4 or 5, it was included in the selection, indicating a strong prognostic factor.

Cancer registry data
--------------------

Patient data were obtained from the Netherlands Cancer Registry (NCR). These data were collected by specially trained registrars, using the hospital medical records. All surgically primary curatively treated invasive breast cancer cases in the Netherlands, diagnosed in 2005--2006 (*n*=17 762) were included. Follow-up data were completed for the 5 years after diagnosis for each patient.

Univariate analysis, using Stata 12.0 (StataCorp LP, College Station, TX, USA), was performed on the prognostic factors, selected by the experts, to determine whether they had a significant prognostic value for LRR. An alpha value of ⩽0.05 was used as a selection criterion. Factors that did not contribute significantly to the risk of LRR were excluded. A multivariate model was constructed using all univariate-selected prognostic markers. The multivariate model allowed exclusion of non-significant factors and other possible sources of bias. This resulted in the final selection of LRR prognostic factors.

Stepwise regression for variable selection
------------------------------------------

The selected prognostic factors were also combined in a multivariate analysis to determine odds ratios (ORs) and to quantify the contribution of LRR risk to the total 5-year follow-up period. The same analysis was performed to quantify the contribution of individual factors to each consecutive 6-month time interval during the 5-year period. This time interval corresponds to the follow-up intervals described in multiple guidelines ([@bib2]; [@bib19]).

Patient heterogeneity
---------------------

To demonstrate differences in LRR risk profiles, three example patient types representing a relative low, average, and high LRR risk were defined and used for LRR estimation. [Table 1](#tbl1){ref-type="table"} presents the example patient types based on the selected prognostic factors.

Results
=======

The results of the scoping literature review, the expert consultations, and the statistical methods used to select the prognostic factors are presented in [Table 2](#tbl2){ref-type="table"}. The last column presents the eight prognostic factors that were finally included in the multivariate model construct for predicting a LRR.

The scoping literature review resulted in a selection of 16 possible prognostic factors. The [Supplementary Table SII](#sup1){ref-type="supplementary-material"} contains a reference list for each of the factors in the selection, and a summary of the description of each prognostic factor. The experts agreed upon 14 factors, which were subsequently tested for significance of prognostic value. The final univariate selection resulted in a set of 11 factors. Step-wise selection of these 11 factors led to the selection of the 8 prognostic factors in the multivariate model to predict the risk of a LRR ([Table 2](#tbl2){ref-type="table"}).

The risk of a LRR is presented by the ORs ([Table 3](#tbl3){ref-type="table"}). The ORs present the overall 5-year risk for each individual factor as well as the complete multivariate model. [Table 3](#tbl3){ref-type="table"} shows that age \>50 years and adjuvant therapy decrease the risk of LRR. Multifocality, tumour grade, tumour size and triple-negative receptor status led to an increase in LRR risk. Moreover, LRR risk appeared to be time dependent ([Table 3](#tbl3){ref-type="table"}). The prognostic values per 6-month time interval are presented in [Supplementary Table SI](#sup1){ref-type="supplementary-material"}.

The 5-year LRR risk estimates for the study population ([Figure 1](#fig1){ref-type="fig"}) show that the highest risk of LRR is between 2 and 3 years after primary treatment. The highest LRR risk over a 5-year period is 1.2% at 2.5 years after primary treatment. In addition, three hypothetical patients are represented in [Figure 2](#fig2){ref-type="fig"} and [Table 1](#tbl1){ref-type="table"}, respectively. The three profiles demonstrate a cumulative risk of 2.9, 7.6, and 9.2%, respectively, for LRR over a 5-year period. By using the underlying betas, it is possible to calculate LRR risks for each value of the selected prognostic factors representing any patient type.

Discussion
==========

This study systematically identified the eight most important prognostic factors predicting the risk of LRR: age, tumour size, multifocality, gradation, adjuvant chemotherapy, adjuvant radiation therapy, hormonal therapy, and triple-negative status. This study revealed that LRR risk is largely dependent on the follow-up time after primary treatment. Heterogeneity due to patient-related factors, tumour and treatment characteristics, and time after primary treatment were examined and confirmed by means of three hypothetical patient profiles.

Although for certain types of patients the LRR risk is higher after breast conserving surgery (BCS; [@bib24]) and reports of the effect of primary surgery on overall survival and local control are ambiguous ([@bib28]; [@bib27]; [@bib3]; [@bib17]; [@bib30]), the type of primary surgery was not selected as a variable representing the risk for LRR. This decision was based on both the scoping literature review and the consultation of experts as the experts\' survey explicitly offered the opportunity to select primary surgery as a variable. Yet, as type of primary surgery was available in the data set, it was possible to check whether leaving out the type of surgery was appropriate. To do so, patients were divided in two groups based on the type of primary surgery, either BCS or mastectomy (MT). In general, patients with MT were older and had larger tumours with higher grades. Including the type of primary surgery in univariate and multivariate analysis as a separate variable resulted in no significant changes in outcomes (univariate: OR 1.31 95% confidence interval (CI) (−0.003--0.056), multivariate: OR 1.01 95% CI (−0.040--0.067)). The OR of the univariate analysis suggests a predictive value of primary surgery type; however, as the multivariate OR shows, this is due to other variables used for type of surgery indication. This confirms the decision not to include the type of primary surgery, and the data were analysed irrespective of type of primary surgery.

The risk of LRR over a 5-year period fluctuated over time, with the highest risk (1.2%) at 2.5 years after primary treatment. This is in agreement with [@bib14], who concluded that the highest risk of LRR was found between 2 and 3 years after primary treatment, implicating that there should be an increased focus on planning follow-up in these intervals. Fluctuation of risk over time and patient heterogeneity are two important arguments for tailoring follow-up.

Improved LRR risk predictions, as highlighted in this study, are highly relevant for the allocation of resources and to decrease patient anxiety, as unnecessary follow-up visits can be reduced. In order to tailor follow-up for breast cancer patients, individualised risk profiles are the first step. In line with the implications for resource use, individual risk profiling can increase adherence to returning for primary care or a screening programme. Moreover, patients with a relative low risk of LRR could be assigned to different, less costly, types of follow-up, for example, an e-health system of telephone consultations ([@bib12]).

One of the strengths of this study is the combination of scoping literature review, expert consultation, and data analysis, as this improves the single-focus methods used to assess the risk of LRR up to now ([@bib14]; [@bib25]; [@bib1]). A combination of prognostic factors selected by the three-step approach is described in this study, for the first time. This approach includes all the essential factors selected in the study, giving a plausible profile of the patient in order to calculate the risk of LRR.

This study determined the time-dependent occurrence of a LRR risk after primary treatment per 6-month time intervals for a total of 5 years. The rationale for the 6-month intervals is consistent with the recommended follow-up intervals ([@bib5]). As this study produced a continuous description of individual risk profiles, it differs from other research groups\' calculation methods. These methods only provide a single-point estimate for a period of 5 or 10 years ([@bib26]). The continuous registration enables effective calculations of single changes in follow-up strategies.

All patients who had received primary curative treatment between 2005 and 2006 were included in the study population. This study used a large, homogeneous, population-based data set from the NCR, which was registered by specially trained registrars, whereas other studies used, for example, questionnaires to obtain patient data ([@bib14]). As the selected prognostic factors are already registered systematically in clinical practice, the data can be easily used to determine LRR risks in future cases.

Although the total number of included patients was very large, 17 762, some limitations in estimating all the LRR risks accurately for every patient type were encountered. This was due to the low recurrence rates of, for example, patients with a triple-negative status (only 11% of the population). The 95% CI of this coefficient was therefore wide (1.1--2.2) in comparison to the CIs of the other factors. To improve the accuracy of the calculated contribution to the LRR risks, the number of patients included in future studies should be increased. All of the factors have a CI that was conclusive regarding their contribution to the LRR risk: they either increase or decrease the risk. Moreover, future extensions of the database should be used to validate the regression model.

Conclusion
==========

Risk profiles, which improve risk predictions, differ per individual patient due to the identified eight prognostic factors for recurrence and over 6-month time intervals. As illustrated by the risk profiles of three patient type examples, the study demonstrates the quantification of LRR risks. When tailoring follow-up, risk factors, frequency, and duration of follow-up should be taken into account, in order to optimise allocation of resources and capacity planning. Our LRR risk profiling offers the first step towards the tailored follow-up, whereby individualised follow-up strategies, as part of the trend in personalised medicine, are inevitable strategies for the future of breast cancer care.
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###### Characteristics of example patients

  **Prognostic factor**                           **Risk- profile I (*n*=103)**   **Risk- profile II (*n*=131)**   **Risk- profile III (*n*=113)**
  ---------------------------------------------- ------------------------------- -------------------------------- ---------------------------------
  Age                                                          ⩾50                             ⩾50                              \<50
  Triple negative                                              No                               No                               No
  Tumour size                                                \<2 cm                          2--5 cm                           2--5 cm
  Chemo therapy[a](#t1-fn1){ref-type="fn"}                     Yes                             Yes                               Yes
  Radiation therapy[a](#t1-fn1){ref-type="fn"}                 Yes                              No                               No
  Gradation                                                    Low                            Medium                            High
  Hormonal therapy                                             Yes                              No                               No
  Multifocality                                             Unifocal                         Unifocal                         Unifocal

After surgery in adjuvant treatment setting.

###### Identification of prognostic factors

                                           **Definitive model**
  ------------------------ ---- ---- ---- ----------------------
  Age                       ++   ++   ++            ++
  Lymph node status         ++   ++   −             −
  Lymfovascular invasion    \+   −    −             −
  Multifocality             \+   ++   \+            \+
  Adjuvant chemotherapy     ++   \+   ++            ++
  Adjuvant radiotherapy     ++   ++   ++            ++
  Hormonal therapy          ++   ++   ++            ++
  Invasiveness              \+   ++   −             −
  Margin status             ++   ++   −             −
  Gradation                 \+   \+   ++            ++
  Tumour size               \+   ++   ++            ++
  Ductal/lobular            \+   −    −             −
  **Tumour type**                         
  Luminal A                 \+   \+   \+            −
  Luminal B                 \+   \+   −             −
  Triple negative           \+   \+   \+            \+
  Her2 positive             \+   \+   \+            −

++ indicates strong prognostic value; + indicates prognostic value; − indicates no prognostic value.

References are listed in [Supplementary Table II](#sup1){ref-type="supplementary-material"}.

###### Results of multivariate analysis and population characteristics

  **Case characteristic**     **No. of patients**   **OR**   ***P*-value**    **95% CI**
  --------------------------- --------------------- -------- --------------- ------------
  **Age**                                                                    
  \<50 years                  4566                  1                              
  ⩾50 years                   13 196                0.63     \<0.001          0.51--0.78
  **Multifocality**                                                          
  No                          14 496                1                              
  Yes                         2683                  1.3      0.024            1.04--1.63
  **Adjuvant chemotherapy**                                                  
  No                          11 302                1                              
  Yes                         6459                  0.55     \<0.001          0.44--0.70
  **Adjuvant radiotherapy**                                                  
  No                          6104                  1                              
  Yes                         11 657                0.68     \<0.001          0.57--0.82
  **Hormonal therapy**                                                       
  No                          10 054                1                              
  Yes                         7707                  0.54     \<0.001          0.43--0.69
  **Gradation**                                                              
  Low                         3748                  1                              
  Medium                      7450                  1.83     \<0.001          1.37--2.43
  High                        5472                  2.98     \<0.001          2.17--4.10
  **Tumour size**                                                            
  \<2 cm                      11 021                1                              
  2--5 cm                     6100                  1.51     \<0.001          1.23--1.84
  \>5 cm                      516                   1.63     0.05             1.00--2.67
  **Triple negative**                                                        
  No                          10 905                1                              
  Yes                         1888                  1.56     0.012            1.1--2.21
  ß-0-constant                                      −2.8                           

Abbreviations: CI=confidence interval; OR=odds ratio.
